Several studies in rodent models have shown that glycogen synthase kinase 3 β (GSK3β) plays an important role in the actions of antispychotics and mood stabilizers. Recently it was demonstrated that GSK3β through a β-arrestin2/protein kinase B (PKB or Akt)/protein phosphatase 2A (PP2A) signaling complex regulates dopamine (DA)-and lithium-sensitive behaviors and is required to mediate endophenotypes of mania and depression in rodents. We have previously shown that atypical antipsychotics antagonize DA D2 receptor (D2R)/β-arrestin2 interactions more efficaciously than G-protein-dependent signaling, whereas typical antipsychotics inhibit both pathways with similar efficacy. To elucidate the site of action of GSK3β in regulating DA-or lithium-sensitive behaviors, we generated conditional knockouts of GSK3β, where GSK3β was deleted in either DA D1-or D2-receptor-expressing neurons. We analyzed these mice for behaviors commonly used to test antipsychotic efficacy or behaviors that are sensitive to lithium treatment. Mice with deletion of GSK3β in D2 (D2GSK3β
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haloperidol (HAL)-induced catalepsy was unchanged in either D2GSK3β
−/− or D1GSK3β −/− mice compared with control mice. Interestingly, genetic stabilization of β-catenin, a downstream target of GSK3β, in D2 neurons did not affect any of the behaviors tested. Moreover, D2GSK3β
−/− or D1GSK3β −/− mice showed similar responses to controls in the tail suspension test (TST) and dark-light emergence test, behaviors which were previously shown to be β-arrestin2-and GSK3β-dependent and sensitive to lithium treatment. Taken together these studies suggest that selective deletion of GSK3β but not stabilization of β-catenin in D2 neurons mimics antipsychotic action without affecting signaling pathways involved in catalepsy or certain mood-related behaviors.
functional selectivity | schizophrenia | bipolar disorder | striatum | frontal cortex D opamine (DA) is one of the major catecholamine neurotransmitters in the mammalian brain where it regulates a variety of functions such as movement, reward, cognition, and emotion. Dysfunction of DA neurotransmission has been implicated in various disease states such as schizophrenia, attention deficit hyperactivity disorder (ADHD), Parkinson, and Tourette syndromes (1) . DA binds to and activates G-protein-coupled receptors that belong to two subclasses, the D1 receptor (D1R and D5R) class and the D2 receptor (D2R, D3R, and D4R) class, their highest expression being in the striatum. The G-protein-dependent cyclic AMP/protein kinase A/dopamine, cyclic AMP-regulated phosphoprotein of 32 kDa (cAMP/PKA/DARPP32) pathway for DA receptors has been well described (2) (3) (4) . We have previously demonstrated that in addition to this canonical G-protein-dependent signaling, DA-dependent signaling downstream of DA D2 receptor (D2R) activation can also be mediated through a β-arrestin 2 (βarr2)-dependent signaling complex composed of βarr2/protein kinase B (Akt)/protein phosphatase 2A (PP2A), which leads to the activation of glycogen synthase kinase 3 β (GSK3β) (5, 6) .
Several studies have implicated GSK3β in the symptoms of neuropsychiatric disorders such as schizophrenia, bipolar disorder, and depression (7-10). Previous data from our laboratory have suggested that under hyperdopaminergic (elevated DA levels) conditions, GSK3β is activated in the striatum, in a D2R-and β-arrestin2-dependent manner (5, 6) and that systemic pharmacological inhibition of GSK3β attenuates DA-dependent hyperlocomotion (11) . GSK3 is inhibited by antipsychotics, antidepressants, and mood stabilizers (12, 13) and although all clinically effective antipsychotics target D2Rs, it is not known if GSK3β signaling mediated by D2Rs is required for antipsychotic efficacy. GSK3β is also a well-known target of lithium and in rodents has been shown to mediate the action of lithium-sensitive behaviors such as locomotion, forced-swim test, tail-suspension test (TST), and dark-light emergence test (11, 14, 15) . We have also shown previously that lithium can disrupt the βarr2/AKT/PP2A signaling complex and that βarr2 and GSK3β are required for lithium to mediate its action on behaviors such as tail-suspension and darklight emergence tests (15) . Together, these data suggest that GSK3β is a central component of D2R and βarr2 signaling. However, all of these previous studies were done in mice globally deficient for GSK3β and from whole striatal tissue lysates, thereby preventing insight into the cell-type-specific role of GSK3β in DA signaling. In this study, we genetically ablated GSK3β with cellular resolution and demonstrate that, whereas deficiency of GSK3β in D2R-expressing neurons recapitulates the effects of antipsychotics on schizophrenia-related behaviors, it essentially did not affect certain mood-related lithium-sensitive behaviors.
Results
Antipsychotic-Sensitive Behaviors in the Conditional GSK3β Knockout Mice. We have previously shown that hyperdopaminergia activates GSK3β in a β-arrestin2-dependent manner (5) . To test the neuronal specificity of this effect, we generated deletion of GSK3β in either D1R-or D2R-expressing neurons by crossing GSK3β ). We confirmed the expression patterns of Cre recombinase in the D1Cre and D2Cre mice (17, 18) (Fig. S1A) and deletion of GSK3β in either D1R or D2R positive neurons (Fig.  S1B) , thus validating the use of these mouse lines. Hyperdopaminergia, a well-accepted model of psychosis, is known to induce hyperlocomotion and disrupt prepulse inhibition (PPI), whereas inhibition of the DA system by haloperidol induces catalepsy in mice (19) . Inhibition of hyperlocomotion, reversal of disrupted PPI, and cataleptic potential are commonly used behavioral tests in rodents to assess efficacy of antipsychotics (19, 20) . We therefore sought to delineate the effect of neuronalspecific deletion of GSK3β on hyperlocomotion, PPI, and haloperidol (HAL)-induced catalepsy. We hypothesized that the effect of deletion of GSK3β in D2R-but not D1R-expressing neurons on these behaviors would mimic antipsychotic action.
We examined the locomotor response to amphetamine, a model of psychosis, using three independent models of hyperdopaminergia. First, acute amphetamine-induced hyperlocomotion was markedly reduced in D2GSK3β −/− mice (Fig. 1A) but not D1GSK3β −/− mice (Fig. 1B) compared with controls (D2GSK3β +/+ and D1GSK3β +/+ , respectively). The reduction in amphetamine-induced locomotion in D2GSK3β −/− mice was uniform and dose dependent, but unchanged in D1GSK3β −/− mice at both doses tested compared with D1GSK3β +/+ mice ( Fig. S2 A and B) . Secondly, chronic amphetamine-induced locomotor sensitization was examined as described previously (21) −/− mice showed reduced hyperlocomotion compared with controls (Fig. 1E) . Together, these data suggest that GSK3β in D2 neurons plays an important role in the locomotor response to hyperdopaminergia. Because the D2-Cre driver mouse line is active in both presynaptic dopamine neurons and postsynaptic medium spiny neurons (MSNs), we sought to test whether the effect of GSK3β deletion was due to pre-or postsynaptic D2R signaling. Apomorphine was administered at a concentration known to engage postsynaptic DA receptors and revealed that D2GSK3β −/− (P < 0.01) but not D1GSK3β −/− mice ( Fig. S3 C and D) had reduced vertical activity. In addition, we crossed GSK3β flx/flx mice to the postsynaptic D2 MSN-specific adenosine2A receptor Cre (A2aCre) driver mice, to generate A2aGSK3β −/− mice (Fig. S1A, A2aCre) , which also display a blunted response to amphetamine (Fig. S3 A and B) .
Together, these data demonstrate an important role for GSK3β specifically in postsynaptic D2 neurons and their regulation of DAdependent behavior.
Amphetamine-or chronic DA-induced hyperlocomotion has been shown to be β-arrestin2 dependent (5) and therefore we next asked whether this impaired amphetamine-induced locomotor response in D2GSK3β
−/− mice is due to an inhibition of β-arrestindependent signaling. AKT, βarr2, and PP2A form a signaling complex in a DA-dependent fashion, and GSK3β and D2Rs are required to form this complex (5, 6, 23) . We performed coimmunoprecipitations (Co-IPs) (SI Materials and Methods) to analyze the interaction between AKT, βarr2, and PP2A in D2GSK3β
−/− and D1GSK3β −/− mice and their respective controls. As expected, the interaction between AKT and βarr2 is significantly reduced in −/− mice. We next examined whether deletion of GSK3β in either D1 or D2 neurons would affect disruption of PPI in response to amphetamine. We hypothesized that like antipsychotics, deletion of GSK3β in D2 neurons would prevent amphetamine-mediated disruption of PPI in these mice. As shown in Fig. 2A , deletion of GSK3β in D2R neurons did not affect the PPI response after saline injection but, as expected, it significantly interfered with the ability of 3 mg/kg of amphetamine to disrupt PPI. Interestingly, a similar pattern was observed in the D1GSK3β −/− mice (Fig. 2B ). These data suggest that deletion of GSK3β in D2 neurons mimics the effects of antipsychotics on PPI disruption, but that GSK3β in D1 neurons may also play an important role in sensorimotor gating.
Induction of catalepsy is one of the most commonly used behaviors in rodents to test the extrapyramidal symptom (EPS) potential of antipsychotics. Typical antipsychotics like haloperidol, but not atypical antipsychotics like aripiprazole, induce catalepsy in mice in a dose-dependent manner primarily through antagonism of DA receptors. Catalepsy in the grid test was measured as described in Materials and Methods. As shown in Fig. 3 A and B, haloperidolinduced catalepsy was similar in both D2GSK3β
−/− and D1GSK3β
mice compared with their respective controls. These results suggest that GSK3β and presumably β-arrestin-dependent signaling might not be required for haloperidol-induced catalepsy in mice and that catalepsy might be mediated through a predominantly G-proteindependent pathway (Discussion). Because select DA-dependent behaviors seem to be affected by deletion of GSK3β in D2 neurons, we wanted to test if other DA-dependent behaviors in these mice were also affected. A summary of all behaviors analyzed in these mice is shown in Table S1 (also see Fig. S4 ). Together, these data show that deleting GSK3β in D2 neurons affects hyperlocomotion and PPI but not catalepsy or conditioned place preference (CPP), suggesting that GSK3β plays an important role in mediating the efficacy of antipsychotics without causing EPS.
GSK3β Deletion in D2 Neurons Mimics the Action of Aripiprazole on
Hyperlocomotion. Previous work from our group has suggested that atypical antipsychotics might be more efficacious at antagonizing the β-arrestin pathway than the G-protein-dependent pathway, whereas typical antipsychotics are equally efficacious at antagonizing ) reduces hyperactivity but has no effect in DAT-KO/D1GSK3β −/− mice, n = 6-8 per genotype. Representative image of Co-IP of AKT, βarr2 and PP2A shows a drastic reduction of AKT and βarr2 interaction in (F) D2GSK3β −/− but not (G) D1GSK3β +/+ mice, (n = 4).
both pathways (24) . In particular, the atypical antipsychotic aripiprazole [0.12 nM dissociation constant (K B ) at D2 receptor] was shown to be a biased antagonist at the β-arrestin pathway compared with the G-protein pathway and a weak partial agonist at the Gprotein pathway, whereas haloperidol (0.28 nM K B at D2 receptor) was shown to be equally efficacious at antagonizing both pathways (24) . We therefore chose aripiprazole and haloperidol for this particular study because it would allow us to delineate the effects of G-protein or β-arrestin pathways on hyperlocomotion. We hypothesized that in D2GSK3β −/− mice, inhibition of amphetamineinduced locomotion would mimic the action of aripiprazole. To test our hypothesis, we assessed the ability of aripiprazole (atypical) or haloperidol (typical) to inhibit amphetamine-mediated locomotion in control (D2GSK3β ). However, HAL (0.5 mg/kg, i.p.) caused a more complete inhibition of amphetamine-induced activity in both D2GSK3β
+/+ and D2GSK3β −/− mice that was significantly lower than the aripiprazole-treated group for both genotypes. Moreover, as shown in Fig. 4C , we observe a rightward shift in the dose-response of inhibition of amphetamine-induced locomotion by aripiprazole in D2GSK3β −/− mice compared with controls. These data suggest that the atypical antipsychotic aripiprazole requires GSK3β in D2 neurons to inhibit the presumed β-arrestin-dependent component of amphetamine-induced locomotion.
Certain Lithium-Sensitive Behaviors Are Unaffected in D2GSK3β
Mice. GSK3 has long been recognized as a target of lithium and has been hypothesized as one of the main molecular targets responsible for the pharmacological actions of lithium (25, 26) .
Previous work from our group has shown that under hyperdopaminergic conditions, GSK3β is activated in the striatum in a β-arrestin2-dependent manner, through the D2 receptor, and that βarr2 and GSK3β are required for lithium to mediate its effects on behaviors such as locomotion, TST, and dark-light emergence in mice (5, 6, 15) .Therefore, we hypothesized that selective deletion of GSK3β in D2 neurons might affect immobility and crossing latency and that lithium treatment would augment these effects. Surprisingly GSK3β deletion in either D1 or D2 neurons did not significantly affect immobility in the tail-suspension test (Fig. 5 A  and B) or crossing latency in the dark-light emergence test (Fig. 5  C and D) . Furthermore, in the TST, lithium treatment (50 mg/kg, i.p.) had a similar antidepressant effect in D2GSK3β −/− and D1GSK3β −/− mice compared with their respective controls (Fig. 5  A and B, white bars) . For the TST, at a higher dose of lithium (100 mg/kg, i.p.), we observed a general supression of activity instead of the expected anti-depressant-like activity in these lines of mice on a mixed genetic background. Therefore, we only used a dose of 50 mg/kg of lithium for all subsequent experiments. Because lithium also inhibits DA-dependent hyperlocomotion (11), we also tested the effect of lithium administration on amphetamine-induced hyperlocomotion in D2GSK3β mice. As shown in Fig. 5 E and F, lithium (50 mg/kg) inhibits amphetamine-induced hyperlocomotion in D2GSK3β +/+ mice (AMPH/Li) to the levels of D2GSK3β −/− mice with amphetamine alone (AMPH/SAL), whereas the reduced activity in D2GSK3β
−/− mice to amphetamine was not reduced further by lithium (AMPH/Li), suggesting that GSK3β in D2 neurons might play an important role in the effects of lithium on hyperlocomotion. Taken together, these data suggest that GSK3β in D2 neurons plays an important role in the effects of lithium on locomotion but not other lithium-sensitive behaviors such as TST and dark-light emergence test.
Role of β-Catenin in DA-and Lithium-Sensitive Behaviors. Apart from its well-studied role in neuropsychiatric disorders, GSK3β is also known to be a component of the Wnt pathway, where its primary function is to regulate the fate of β-catenin, a transcription factor that plays a major role in neurodevelopment and other cellular functions (7, 27) . Recent studies have shown that signaling members of the Wnt pathway such as Disheveled 3 (Dvl-3) and β-catenin are up-regulated upon chronic antipsychotic treatment in rats (28, 29) . Additionally, β-catenin overexpression mimics lithium action on certain behaviors (30) and β-catenin levels are increased upon chronic lithium administration (15) . We therefore asked if stabilization of β-catenin in D2 neurons would phenocopy the behavioral patterns observed in D2GSK3β −/− mice. The third regulatory exon of β-catenin was selectively eliminated in D2Cre mice by genetic manipulation (D2βCatΔE3), which renders β-catenin immune to the actions of GSK3β, thereby stabilizing β-catenin and mimicking deletion of GSK3β. Interestingly, D2βCatΔE3 mice did not mimic D2GSK3β −/− mice and displayed behavioral patterns similar to control mice (D2βCat
) as summarized in Table S1 (also see Fig. S5 ). These data suggest that in D2 neurons, GSK3β regulates downstream target proteins other than β-catenin to mediate its effects on DA-dependent behavior.
Discussion
In this study we show that conditional deletion of GSK3β in D2R-expressing neurons affects DA-dependent behaviors in mice in a way that essentially mimics antipsychotic actions. However, conditional expression of a nondegradable form of β-catenin in D2 neurons does not phenocopy GSK3β deletion in these behaviors. Interestingly, certain behaviors related to mood disorders that are sensitive to lithium treatment are unaffected in these mice.
GSK3β has been shown in rodents to be important for various behaviors. Specifically, overexpression of GSK3β renders mice hyperactive whereas haploinsufficiency of GSK3β attenuates amphetamine-induced locomotion (11, 31) . Furthermore, systemic pharmacological inhibition of GSK3β inhibits D1 receptor (D1R) agonist SKF81297-mediated hyperlocomotion (32) . Here we find that in mice lacking GSK3β in D2R-expressing neurons (D2GSK3β −/− ) but not D1R-expressing neurons (D1GSK3β −/− ), the locomotor or sensitization response to acute or chronic amphetamine exposure, respectively, is inhibited. Interestingly, the acute locomotor response to amphetamine in D2GSK3β −/− mice is initially intact (10-15 min) but inhibited in the latter time points (Fig. 1A) . This is consistent with the notion that a β-arrestin-dependent mechanism might be inhibited in D2GSK3β −/− mice as the onset of β-arrestin-dependent signaling is delayed and sustained compared with G-protein-dependent signaling (33) . Indeed, the βarr2/AKT/PP2A signaling complex is destabilized in D2GSK3β −/− mice. Moreover, A2aGSK3β −/− mice also show reduced amphetamine-induced locomotion, albeit not as robust as D2GSK3β −/− mice. This suggests that this behavior is predominantly mediated by D2 receptors on MSNs, but a small contribution of cortical D2 receptors cannot be totally excluded because GSK3β is deleted in both the striatum and frontal cortex in D2GSK3β −/− mice but only in the striatum in A2aGSK3β −/− mice (Fig. S1A, boxed region) .The reduction of apomorphine-induced vertical activity in D2GSK3β −/− mice further highlights an important role for postsynaptic D2 receptors in DA-dependent behavior. However, the attenuated amphetamine-induced locomotion in D2GSK3β −/− mice is not due to altered receptor levels or impaired presynaptic DA release (Fig. S6) . Dopamine D2 but not D1 receptors have been shown to be important in mediating disruption of PPI under hyperdopaminergic conditions (34, 35) . However, D1 receptors have also been suggested to mediate PPI disruption when exposed to DA agonists such as apomorphine (36) . Additionally, several studies have implicated GSK3β activity in the facilitation of PPI, whereas GSK3β activity is reduced in the frontal cortex of postmortem brains of schizophrenic patients (37, 38) . Here we show that D2GSK3β −/− mice are resistant to the PPI-disrupting effects of amphetamine, suggesting that GSK3β plays an important role in sensorimotor gating and that inhibiting GSK3β activity may reverse PPI deficits. Interestingly, in A2aGSK3β −/− mice, PPI disruption by amphetamine (3 mg/kg, i.p.) was similar to control mice (Fig. S3E and Table S1 ), suggesting a potential role for cortical D2 receptor-mediated GSK3β signaling in sensorimotor gating.
Typical or first generation antipsychotics such as haloperidol have been used to treat psychosis for several decades and have the common property of being D2 receptor antagonists (39, 40) but cause side effects called extrapyramidal symptoms (EPS) that limit their use in the clinic. The development of second generation or atypical antipsychotics such as clozapine and aripiprazole has offered treatment for schizophrenia with reduced occurrence of EPS. Several studies have shown that both typical and atypical antipsychotics can alter GSK3β activity (9, 29, 41) . Our results show that the typical antipsychotic haloperidol induces catalepsy in D2GSK3β −/− mice similar to control mice, suggesting that GSK3β, and presumably D2R-dependent β-arrestin signaling is not required to mediate this cataleptic response. However, deletion of DARPP32, a G-protein signaling-dependent effector protein, in either D1 or D2 neurons drastically reduces haloperidol-induced catalepsy in mice (42), further supporting the thesis that G-protein-mediated signaling and not β-arrestin signaling likely plays a role in the catalepsy-inducing effects of haloperidol. In addition, we demonstrate that the atypical antipsychotic aripiprazole inhibits only the presumed β-arrestin-dependent but not the G-protein-dependent component of amphetamine- induced locomotion, whereas haloperidol inhibits both components more effectively (Fig. 4A) . These data are consistent with previously published in vitro data suggesting that atypical antipsychotics are generally more efficient at antagonizing the β-arrestin pathway than the G-protein pathway, whereas typical antipsychotics antagonize both pathways more uniformly (24) . Furthermore, our recent study has shown that aripiprazole-like novel D2 receptor ligands that are functionally selective for D2R/β-arrestin2 interactions show high antipsychotic-like efficacy and low EPS potential in mice (43) . Altogether the locomotion, PPI, and catalepsy data suggest that D2GSK3β −/− mice mimic atypical antipsychotic action without affecting other DAdependent behaviors such as CPP to amphetamine (Fig. S7 and Table S1 ). Interestingly β-catenin, a well-studied downstream target of GSK3β, in D2 neurons does not appear to play an important role in behaviors that are sensitive to antipsychotic or lithium action although both treatments in rodents have been shown to cause changes in β-catenin levels in different brain regions (13, 15, 29) . Recent studies by Du et al. (8) and Li et al. (44) have implicated regulation of NMDA and AMPA receptor function downstream of D2R-mediated GSK3β signaling. The phosphorylation of a kinesin signaling complex as a downstream target of GSK3β, which regulates AMPA receptor trafficking and thereby amphetamine-induced locomotion, has been proposed as one of the potential mechanisms (7) .
Apart from the positive and negative symptoms observed in schizophrenia, cognitive impairments are also a prominent feature of the disorder. Recent studies have shown that reversible overexpression of D2 receptors in the striatum of mice generates cognitive deficits, particularly in working memory (45, 46) . The authors reported that increased striatal D2 receptor function leads to a reduced prefrontal cortex (PFC) dopaminergic modulation of GABAergic inhibitory neurotransmission associated with impaired working memory. We observed that in D2GSK3β −/− and A2aGSK3β −/− but not D1GSK3β −/− mice, working memory as tested by alternations in the Y maze was enhanced ( Fig. S8 and Table S1 ). These data suggest that inhibiting GSK3β in the striatum might reverse certain cognitive deficits, consistent with the model proposed by Kellendonk et al. (45, 47) .
In addition to antipsychotics, GSK3 is a well-known target of lithium. Lithium has been used in the clinic for many years as a mood stabilizer but the mechanisms that mediate its effects are still debated. However, several other mechanisms to account for the action of lithium have been proposed including inositol depletion, indirect activation of AKT, and inhibition of a β-arrestin/ AKT signaling complex (15, 23, (48) (49) (50) . Behavioral tests such as locomotion, tail-suspension test (TST), forced swim test (FST), and dark-light emergence test in mice are sensitive to lithium treatment (51, 52) . Previous work from our laboratory has shown that global βarr2 (βarr2 −/− ) or heterozygous GSK3β genetic deletion (GSK3β +/− ) or systemic pharmacological inhibition of GSK3β reduces DA-dependent hyperlocomotion, immobility time in the tail-suspension test as well as the latency to cross in the dark-light emergence test, thereby phenocopying the effects of lithium. Furthermore lithium treatment augments the behavioral responses in the GSK3β heterozygote mice (15) . Interestingly, in D2GSK3β −/− mice we did not observe any basal changes in the TST or the dark-light emergence test (Fig. 5 A-D) , and lithium had similar antidepressant-like effects in the TST compared with control mice, suggesting that GSK3β in D2 neurons does not play a role in mediating the antidepressantlike effects of lithium. However, GSK3β, presumably through the β-arrestin2/AKT/PP2A signaling complex in striatal D2 neurons, mediates the locomotor-suppressing effects of lithium ( Fig. 5 E and F) . It is likely that lithium targets β-arrestin and GSK3β in brain areas other than the striatum where it mediates its effects on behaviors that mimic antidepressant-like activity. Indeed, a recent study has shown that DA-dependent β-arrestin/ AKT signaling complexes do exist in the frontal cortex of mice, where it is regulated in opposite fashion compared with the striatum (53). However, it is possible that the antidepressantlike effects of lithium can be attributed to its other targets such as GSK3α or to signaling pathways activated by other G-protein-coupled receptors (GPCRs) expressed in the striatum.
A common theme emerging from the data presented here in mice and previous studies is that inhibition of GSK3β in striatal D2 neurons is required to reverse psychotic or manic symptoms, whereas inhibition of GSK3β in other brain areas may play a role in regulating depression-related phenotypes. Indeed, antipsychotics such as haloperidol and olanzapine have been used in the clinic to treat the mania feature of bipolar disorder (54, 55) . A large percentage of bipolar patients do not respond to lithium and some patients treated with lithium become treatment resistant after a few years (55) . Lithium is known to target proteins other than GSK3β and in comparison with lithium, small molecule GSK3β inhibitors with nanomolar potency have been shown to suppress drug-induced hyperactivity and induce antidepressant-like effects in the TST and FST in rodent models (11, (56) (57) (58) . Therefore, development of novel small molecule inhibitors that target GSK3β in multiple brain regions might prove useful in treating the depressive and manic features of bipolar disorder, whereas novel biased β-arrestin ligands that specifically target GSK3β in the DA system through D2 receptors might work better as high-efficacy antipsychotics or treatments for mania. Moreover, developing therapeutic strategies against cell-selective downstream targets of GSK3β might prove even more specific and efficacious, thus providing an impetus for identifying these cell-specific targets.
Materials and Methods
Animals and Drugs. All mouse studies were conducted in accordance with the National Institutes of Health Guidelines for Animal Care and Use and with an approved animal protocol from the Duke University Animal Care and Use Committee. All mouse lines (mixed B6/129 background) and drugs used are described in detail in SI Materials and Methods.
Locomotor Activity. Locomotor activity was measured in an Accuscan activity monitor (Accuscan Instruments) as described previously (59) . Details are described in SI Materials and Methods.
PPI. PPI was examined as described previously (60) using the SR-Lab startle response system for mice (San Diego Instruments). Details are described in SI Materials and Methods.
Locomotor Sensitization to Amphetamine. Locomotor sensitization was performed as described previously (21) and locomotor activity measured as described above. Details are described in SI Materials and Methods.
CPP. CPP was performed as described previously (59) using an apparatus from Med Associates to analyze place preference to amphetamine.
TST and Dark-Light Emergence Test. TST and dark-light emergence test were performed as described previously (15) . Immobility time for TST (5 min testing time) and the latency to cross into the light chamber for the darklight emergence test was recorded.
Haloperidol-Induced Catalepsy. Catalepsy was performed as described previously (43) . Latency to move was recorded.
Statistical Analyses. All data are presented as mean ± SEM. Data were analyzed by a standard one-way or two-way ANOVA test for comparison between genotypes, treatments, or doses. Individual genotypes, treatments, or doses were compared using a post hoc Bonferroni test.
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